Abstract. Seran YN, Sudarto, Hakim L, Arisoesilaningsih E. 2018. Structural model of sandalwood (Santalum album) regeneration in the forest and community plantation in Timor Island,. Sandalwood (Santalum album L.) is a very important forest product in NTT, an endemic species in the world with a high economic value.. This study aimed to identify and produce a structural model of sandalwood regeneration in both the forests and the community plantation in the Regency of Timor Tengah Selatan (TTS) and Timor Tengah Utara (TTU). The method used in this research was vegetation analysis by purposive sampling method on 8 observation stations with 87 plots. The plot size was 20x20 m 2 (trees), 10x10 m 2 (poles), 5x5 m 2 (saplings), and 2x2 m 2 (seedlings). Data observed in the field included the mean sandalwood population size in the forms of trees, poles, saplings and seedlings phase, vegetation data in sandalwood habitat which included tree wealth index, diversity index, number of individuals and sandalwood host diversity index data. Geographical factors such as altitude and slope, and abiotic factors such as soil organic matter, soil pH and soil conductivity were also recorded. Climate data included the number of dry months and rainfall. Sandalwood regeneration data included sandalwood vitality, pests and diseases and the number of seeds. Secondary data included climate data (ten years time) obtained from BMKG of NTT Province in Kupang. These data were used as the indicators of the latent variables (six variables) which consisted of geography, soil, climate, population, vegetation, and regeneration. Obtained data were subjected to both descriptive analysis and multivariate statistics with structural modeling of Warp Partial Least Square (WarpPLS 6.0). The results showed that most of the proposed indicators significantly influenced the compiled six latent variables except the host diversity. Some indicators significantly or highly significantly affected the latent variable with 15 indicators that significantly composed the latent variable. The resulting structural model is very relevant and has a relevance value of Q2 prediction of 96,65% so that the structural model proposed in this study has very relevant and high predictive value on factors that influence sandalwood regeneration. Therefore, this model is feasible or appropriate to be used as recommendations in the framework of sandalwood development in the forest and the community plantation in the West part of Timor Island, Nusa Tenggara Timur.
INTRODUCTION
Sandalwood (Santalum album L.) is one of the most important forest products for Nusa Tenggara Timur (NTT) Provincial Government because it has high economic value and is an endemic species which is currently prone to extinction (IUCN 2016) . Therefore, regeneration is vital because the structure of the sandalwood population in forests and gardens/ plantation is very limited. The success of the regeneration process in the forest is highly dependent on the availability and condition of the saplings (seedling), seed production, dispersal, germination and initial growth (Wijayanto et al. 2011) . The natural regeneration process is also influenced by the vitality (degree of success or life cycle) of a species in the habitat. Vitality is needed to determine the success rate and life fertility of a species in its development in response to environmental changes. In studying the vitality process, there are several indicators that can be used to determine whether the life cycle of a species is complete or not, i.e., (i) vitality = 1 (one) means that the species can develop (life cycle) well and entirely through the stages of seedling, sapling, poles, and trees, (ii) vitality = 2 means that the species can develop (life cycle well but is irregular, (iii) vitality = 3 means that, the species experiences a rare and incomplete life cycle in its habitat, (iv) vitality = 4 means that the species have life cycles which are sometimes complete, few seedling and few are able to survive (Braun-Blanquet 1932; Doberrtin 2005) .
Regeneration of sandalwood naturally in the forest through seeds or root shoots are now becoming more and more unreliable due to habitat damage and limitations of the parental tree/seed source. However, sandalwood regeneration is currently more determined by the success of sandalwood cultivation carried out by local communities in agroforestry systems with the use of a secondary host (Wawo 2008) . Sandalwood agroforestry systems applied in the community gardens/plantation can accelerate the slow sandalwood regeneration and can sustainably restore the sandalwood populations. Distribution and population density at the seedling level was found to be higher than the density of saplings, poles, and trees, indicating that, regeneration in the forest area was running well (Wiharto et al. 2008) . Regeneration activities through cultivation carried out in NTT are still very low; data on land area of sandalwood planting activities over a five years period namely in 2004-2008 amounting to only 429 ha per year. The efforts of sandalwood cultivation implemented by the government or related institutions through the Forestry Office are still very low, reaching less than 30% compared to the amount of sandalwood that have been carried out by the government (Darmokusumo 2001; Surata 2006) . The sandalwood logging activities that have been carried out by the government reached 6.200-12.400 trees per year (Surata 2006) . One of the causes of the low success of sandalwood cultivation is pests and pathogens that attack the sandalwood plants, among others, the "spike disease" caused by mycoplasm which causes sandalwood stunted and yellowing. Other pathogens that attack sandalwood is reetdauw (sooty mold), with symptoms and signs of specks of mushrooms growing on the leaves. Some types of insects like Zeuzeura ceffea (a type of butterfly that hoists the young branch of sandalwood), Chiaonapsis sp, Valanga nigricornis zehntneri Kraus) and snout beetle (Shobha 1990 ).
MATERIALS AND METHODS

Study area
This research was conducted in TTS and TTU Districts at eight observation stations, 87 nested plots. Of the eight observation stations, five were located in TTS District (3 stations in the plantation and 2 stations in the forest) and three were located in TTU District (1 station in the garden/ plantation and two stations in the forest). Five stations in TTS District were Oelbubuk (Oe), Binaus (Bi), Nununamat (Nu), Karang Siri (Ks), Tetaf (Te). Three stations in TTU District were Upfaon (Up), Banamlaat (Ba) and Oinbit (Oi) (Figure 1 ). This research was conducted during September 2015 until December 2016.
Data collection
The data used in compilation of the research were obtained from observations in the field including data on the mean sandalwood population size in the form of trees, poles, saplings, seedlings phases, and vegetation data in sandalwood habitat which included tree wealth index, diversity index, number of individuals and sandalwood host diversity index data. Data of geographical factor included altitude and slop while, abiotic factor data included soil organic matter, soil pH and soil conductivity. Climate data included the number of dry months and rainfall. Sandalwood regeneration data included sandalwood vitality, pests and diseases, and number of seeds ( Figure 2) . This data were then used as indicators of the latent variables that, in this study, amounted to 6 (six). Six latent variables included geographical, soil, climate, population, vegetation, regeneration while secondary data were in the form of climate data obtained from BMKG of NTT Province in Kupang (climate data for the last ten years at eight observation stations). 
Data analysis
Identification of limiting factors for sandalwood regeneration was analyzed using statistical methods of multivariate structural modeling with Warp Partial Least Square (WarpPLS 6.0). The steps of the interaction of sandalwood regeneration limiting factors were determined using structural modeling with WarpPLS 6.0, namely, (i) determining the latent variables with indicators of each variable consisting of 6 latent variables and 15 indicators.
(ii) Determining the design of a structural model, which describes the relationship between latent variables. Geographic variables become exogenous variables that influence the endogenous variables of vegetation, population size, and sandalwood regeneration. Soil variables become endogenous variables that affect vegetation, population size, and regeneration. Climate variables become endogenous variables that affect vegetation, population size, and regeneration. Vegetation variables become endogenous variables that affect population size and regeneration. Variable of population size become an endogenous variable that affects sandalwood regeneration. The relationship/correlation between variables from this research is unidirectional/ parallel so that the nature of the relationship is recursive. (iii) Determining the design of the measurement model which describes the relationship/correlation between indicators with the intended latent variables. In this study, the direction of the relationship is from the indicator to the variable so that the nature of the indicator is formative. The relationship/correlation between latent variables and indicators compiled in this study are as follows: altitude and slope of the compiler of geographic variables; soil organic matter, pH and conductivity of soil variables compiler; rainfall and dry months, the constituent of climate variables; taxa wealth, species density, species diversity index, host diversity index of the vegetation variable compiler, population density of trees, poles, saplings, seedlings the constituent/ compiler of sandalwood population size; vitality, number of seeds and disease the compiler of sandalwood regeneration variables. (iv) Creating a path/line diagram construction of structural models, which describe the results of the determination of the measurement model design and structural model then arranged in the form of a structural model line diagram. The results of the structural model line construction diagram are shown in Figure 3 . (v) The testing of the measurement model and structural model, which describes the feasibility or not the indicator of the intended latent variables. The feasibility is determined by the t-statistics value. The indicator is said to be feasible as a constituent/ compiler of the latent variable if the t-statistic value is greater than 1.96. The opposite condition if the indicator tstatistic value is less than 1,96 then the indicator is said to be inappropriate or insignificant as a compiler of latent variables so that the indicator is excluded from the structural model. The testing of the structural model aims to determine the variables that relate significantly or directly to other variables, the direction of the relationship/correlation and the closeness of the relationship/correlation between variables. Variables correlate significantly if the t-statistic value is greater than 1.96. The direction of the relationship/ correlation between variables is determined by the value of the coefficient of determination (R 2 ). (vi) Testing the goodness of the structural model, which aims to determine the accuracy of the structural model built. The accuracy of the structural model is determined by the coefficient of determination (R2) and predictive relevance (Q2). Q2 value is calculated by the formula:
are the determination coefficient (R 2 ) of the latent variable. (vi) Hypothesis testing carried out by t-test on each path/ line which has a partial direct effect. The analysis result is determined by looking at the probability or the value of t-statistic. The ttable value for alpha 5% is 1.96 so that the hypothesis acceptance criteria is when t-statistics > t table, namely tcalculated > 1.96. If the t-statistic value or t calculated > 1.96 then the path/line of the relationship/ correlation between these variables is significant or has a direct influence (Guinot et al. 2001; Jaya and Sumertajaya 2008; Husein 2015) .
RESULTS AND DISCUSSION
Test results of the measurement model
The study findings show that most of the proposed indicators were feasible or significant in compiling latent variables except the host diversity which had a not significant influence on the latent variables (Table 1) . The altitude, slope, and rainfall, as well as dry months indicators, had the same significant contribution to the compilation of geographic and climate latent variables because they had the same measurement weights values namely 0.084 and 0.087. Soil organic material (BOT 10 and 20) gave the equal contribution to the formation of latent soil variables with a weighting value of each 0.086. Indicators of the individual number of saplings and seedlings had almost the same contribution in the composition of the sandalwood population latent variable because it had nearly the same measurement weight value namely 0.084 and 0.085. The vitality and pests and diseases, each contributed to the preparation of sandalwood regeneration latent variables with the weight of the measurement value of 0.090 and 0.093. Sandalwood host diversity, vitality, diseases, and pests, individual number of sandalwood trees, soil conductivity at a depth of 20cm gave a highly significant influence on sandalwood regeneration. All indicators of each of the determined latent variables contributed significantly to the sandalwood regeneration process in both natural and cultivated habitats ( Table 1) . The results showed that sandalwood can be isolated with other types of vegetation such as shrubs or grass without its growth disturbance. This is not too different from the results of the research by Surata et al. 2006 , sandalwood is a semi-tolerant plant that requires shade when it is 1-2 years old and when it is 3 years old sandalwood requires full sunlight and support from other environmental factors to survive. The results of Putranto's research (2010; Muskitta et al. 2017 ), growth models and environmental conditions can be used to predict vegetation growth, formulate a description and reference to forest management.
Results of test of goodness of fit of structural models
Test of the goodness of fit of the model will provide in fo r ma tio n ab o ut ho w f eas ib l e t h e mo d e l is fo r sandalwood regeneration with the value of predictive relevance (Q2) equals to 96.65%. Thus, the structured model has a very relevant and very accurate predictive value. The information contained in the data of 96.65% can be explained by the PLS model developed while 3.35% was described by other variables. The closeness of the relationship/correlation influence of one variable to another variable was determined by the value of determination (R 2 ). The climate R 2 value was 0.493, which means that the geographic latent variable effect on the climate equal to 49.3%. Geography and climate effect on the soil amounted to 38.2%. Geography, climate and soil effects on vegetation were 50.6%. The size of the sandalwood population was influenced by geography, climate, soil and vegetation, i.e., 552%. Sandalwood regeneration as an output model or response variable was influenced by geography, climate, soil, vegetation and sandalwood population by 38.2% (Table 2 ). The study results also consistent with the research of Hadiyan et al. 2016, which shows that the vitality of sandalwood plant varies greatly between locations from various conservation plots caused by the environmental factors, varieties of sandalwood populations and genetic factors. The results of the study by Surata et al. 2001, sandalwood 
Results of structural model testing of variable direct effect
The result of structural model testing is to test the hypothesis. Hypothesis testing was conducted by t-test at pvalue <0.05 for significant and the p-value <0.01 for a highly significant effect on each path that had a direct or partial effect. This study results indicated that the variables having an immediate effect were geographic, soil, and climate while the population had a direct impact on sandalwood regeneration. Meanwhile, vegetation had no significant effect on sandalwood regeneration. Vanclay (1994) , states that the vegetation growth model is based on a system of statistical equations that can predict growth, regeneration and yield of forest stands in various habitat conditions. However, to use this equation model, multivariate statistical tests need to be done with several variable combinations because each plant has different growth characteristics. 
Results of structural model testing of indicator direct effect
The result of structural model testing is to test the hypothesis. Hypothesis testing is conducted by looking at the p-value in each indicator and the path analysis coefficient value which shows a significant (direct) or partial relationship/correlation. The results showed that the indicator of the latent variable that did not give an immediate or significant effect was the sandalwood host, soil organic matter (BO10, 20, pH 10, 20, Kond 10, 20, tree population). Meanwhile, the other indicators had a direct or significant influence based on statistical tests with p-value < 0.001 for sandalwood regeneration in natural habitats and cultivation (Table 3 ).
The insignificant relationship between these variables and indicators requires further testing in the next study, namely the linearity test to ensure that variables and indicators do not have a linear influence on other variables. The test results of the linearity test and the new structural model are arranged in the form of structural model path diagram shown in Figure 4 . In this study, geographic variables had a direct effect on population and sandalwood regeneration but did not directly affect vegetation. Climate variables directly affected the population and sandalwood regeneration but did not directly affect vegetation. Soil variables directly affected vegetation and population but had no significant effect on sandalwood regeneration in natural and artificial habitats because sandalwood that grows in Timor Island can develop well in any types of soil. Vegetation variables had a direct effect on sandalwood populations but had no significant effect on sandalwood regeneration process, and population variables had a significant impact on sandalwood regeneration process, which means that the size of sandalwood tree, pole, sapling and seedling population were very influential on sandalwood regeneration both naturally and in the community plantation. The test results of this structural model were also in line with the observational data at eight observation stations which showed that the number of sandalwood populations at all observation stations showed significant changes (sandalwood population increased) both in Timor Tengah Selatan (TTS) and Timor Tengah Utara (TTU) Regencies. The research results showed that the model of sandalwood growth and regeneration varied greatly between locations. This is also in accordance with the observations of Haryjanto et al 2005; Zobel et al. 1984; Hadiyan et al. 2017 , The gowth of Sandalwood plant varies between observation plots caused by the differences in the factors of genetic, vegetation, geography, soil and climate. The structural model of the relationship/correlation of latent variables that affect sandalwood regeneration as a result of structural model testing which shows a significant relationship or had a direct effect with the p-value <0.05 = significant, and p-value < 0.01 = highly significant
In conclusion, the results showed that the relevance value of the prediction of Q2 was 96.65% indicating that the structural model proposed was highly relevant and had high predictive values for the factors that influenced sandalwood regeneration. Thus, this model is feasible or appropriate to be used as recommendations in the framework of sandalwood development in the forests and plantations in West Timor, Nusa Tenggara Timur Province, Indonesia.
